Inspection of the crystal structure for UTSA-20 revealed 14 atoms in chemically distinguishable environments ( Figure  S1 ). The partial charges for the various chemically distinct atoms in UTSA-20 were determined through electronic structure calculations on different representational fragments that were taken from the crystal structure of the MOF. Three fragments were considered for the calculations in this work and they are shown in Figure S2 .
The NWChem ab initio simulation software 1 was used to calculate the electrostatic potential surface (ESP) of the each fragment. For these calculations, all C, H, and O atoms were treated with the 6-31G
* basis set to produce overpolarized charges that are appropriate for condensed phase simulation, 2 while the LANL2DZ ECP basis set [3] [4] [5] was assigned to the Cu 2+ ions for proper treatment of the core electrons of this species. The CHELPG method 6 was used to fit the charges onto the atomic centers of each fragment to reproduce the respective ESPs. The calculated average partial charges for each chemically distinct atom within the fragments are provided in Table S1 . We note that atoms that are located on the edges of the fragment were not included in the averaging.
The partial charges for all chemically distinct atoms were averaged between the fragments. It can be observed that excellent agreement was obtained for the partial charges for the unique atoms between the fragments, with standard deviations of no greater than 0.02 (see Table 1 ). When considering the average partial charges for the chemically distinct atoms between the fragments and the number of each type of atom within the unit cell, the calculated total charge of the system was not neutral. Since the magnitude of the total positive charge outweights the magnitude of the total negative charge in this case, all unique atoms with negative charges were multiplied by a factor (a ratio between the total positive and negative charges) to bring the magnitude of the total negative charge to be equivalent with that for the total negative charge. The resulting partial charges for each chemically distinct atom in UTSA-20 after the adjustment can be found in Table S2 . These partial charges were used for the simulations in this work to calculate stationary electrostatic interactions. Table S2 . The partial charges (e − ) for the chemically distinct atoms in UTSA-20 that were used for the simulations in this work. These were obtained by adjusting the average partial charges for the unique atoms between the fragments as shown in Table S1 to achieve system neutrality. The number of each type of atom within a unit cell of the MOF is also included. Label of atoms correspond to Figure S1 . 
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where P is the pressure (in atm), N is the amount sorbed (in mmol g −1 ), T is the temperature (in K), a i and b i are the temperature-independent virial coefficients, and m and n represent the number of coefficients required to fit the isotherm data. The equation was fit using the R statistical software package. 9 The values of the virial coefficients a 0 through a m were then used to calculate the Q st using the following equation:
where R is the ideal gas constant. The parameters that were obtained through virial fitting of the experimental isotherms for CO 2 and H 2 in UTSA-20 are provided in Table S3 . The experimental CO 2 Q st for UTSA-20 were also determined through the dual-site Langmuir-Freundlich (DSLF) method. 10 Here, the experimental excess CO 2 sorption isotherms at 270 and 300 K were simultaneously fitted to the DSLF equation:
where n is the gas uptake (in mmol g −1 ), P is the pressure of the bulk gas at equilibrium with the sorbed phase (in kPa), n m1 , b 1 , and t 1 are the saturation uptake (in mmol g −1 ), the affinity coefficient (in kPa −1 ), and the deviation from the ideal homogeneous surface (unitless) for site 1, respectively, and n m2 , b 2 , and t 2 are analogous parameters for site 2. Furthermore, b 1 and b 2 are expressed as a function of temperature via the following:
where R is the ideal gas constant, b 01 and E 1 are the pre-exponential factor (in kPa −1 ) and the activation energy (in kJ mol −1 ) for site 1, and b 02 and E 2 are analogous parameters for site 2. The parameters obtained for the simultaneous fitting of the experimental CO 2 sorption isotherms at 270 and 300 K in UTSA-20 are provided in Table S4 . These parameters were used to calculate the Q st values for a range of uptakes using the Clausius-Clapeyron equation:
where T 1 and T 2 are the two different temperatures (in K), and P 1 and P 2 are the corresponding pressures (in kPa) that were calculated for a range of uptakes using the temperature-dependent DSLF equation through the Newton-Raphson method. Table S4 . Parameters for the temperature-dependent dual-site Langmuir-Freundlich (DSLF) equation for simultaneously fitting the experimental excess CO2 sorption isotherms at 270 K and 300 K in UTSA-20. The R 2 value is also provided. Figure S5 . Radial distribution function (g(r)) of CO2 carbon atoms about (a) the Cu1 ions (atom label 1 in Figure S1 ) and (b) the Cu2 ions (atom label 2 in Figure S1 ) in UTSA-20 for simulations using the CO2-PHAST* model at 300 K and 0.01 (red), 0.10 (green), 0.50 (blue), 1.0 (violet), and 10.0 atm (cyan).
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(a) (b) Figure S6 . Radial distribution function (g(r)) of CO2 carbon atoms about (a) the Cu1 ions (atom label 1 in Figure S1 ) and (b) the Cu2 ions (atom label 2 in Figure S1 ) in UTSA-20 for simulations using the TraPPE (blue), CO2-PHAST (green), and CO2-PHAST* (red) models at 300 K and 0.01 atm. 
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Figure S11. High pressure excess H2 sorption isotherms in UTSA-20 for experiment (circles with lines) and simulation (star) at 77 (red), 87 (black), and 100 K (green) with the exclusion of Feynman-Hibbs quantum corrections. 15 The experimental data were taken from reference 14. Figure S12 . High pressure excess H2 sorption isotherms in UTSA-20 for experiment (circles with lines) and simulation (star) at 125 (blue), 150 (magenta), 200 K (orange), and 300 K (violet) with the inclusion of Feynman-Hibbs quantum corrections. 15 The experimental data were taken from reference 14. Figure S13 . Radial distribution function (g(r)) of the center-of-mass (COM) of H2 molecules about (a) the Cu1 ions (atom label 1 in Figure S1 ) and (b) the Cu2 ions (atom label 2 in Figure S1 ) in UTSA-20 for simulations at 77 K and 0.01 (red), 0.10 (green), 0.50 (blue), 1.0 (violet), and 10.0 atm (cyan). Figure S1 ) as determined from GCMC simulations. All views are orthographic projections. Atom colors: C = gray, H = white, O = red, Cu = tan.
